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 GLDPHWHU  FP
OHQJWKFPPHVKRSHQLQJVL]HDQGPPVXEVWUDWH
VLHYHG VRLO DW UHVHDUFK SORW ZHUH LQVWDOOHG DW WKH VDPH
UHVHDUFKSORWLQ0D\DQGUHPRYHGDIWHUDSSUR[LPDWHO\
GD\V5RRWVJURZQLQWRWKHFRUHVZHUHFXWZLWKDNQLIH
RQWKHRXWVLGHRIFRUHVZKLFKZHUHWKHQSXOOHGRXWIURP
WKHJURXQGDQGNHSW LQSODVWLFEDJVDW&XQWLODQDO\VLV
ZDVFDUULHGRXW,QGLYLGXDOVDPSOHVZHUHVRDNHGLQZDWHU
DQGURRWVVHSDUDWHGIURPVRLOSDUWLFOHVPDQXDOO\¿UVW XVLQJ
ZDWHUUXQQLQJWKURXJKGLIIHUHQWVLHYHVDQGDWWKHHQGXQGHU
DVWHUHRPLFURVFRSHIRU¿QH FODVVL¿FDWLRQ RI URRWV 5RRWV
ZHUH VRUWHG LQWR WKUHH FDWHJRULHV YLWDO URRWV RI ZRRG\
SODQWVQRQWXUJHVFHQWURRWVRIZRRG\SODQWVDQGURRWVRI
QRQZRRG\SODQWV5RRWV IURP WKH¿UVW WZR JURXSV ZHUH
WKHQ VFDQQHG ZKLOH LPPHUVHG LQ ZDWHU ZLWK DQ RSWLFDO
VFDQQHU (SVRQ 3HUIHFWLRQ9 3KRWR$IWHU VFDQQLQJ
DOO URRWV ZHUH GULHG DW URRP WHPSHUDWXUH DQG ZHLJKHG
7KH DFTXLUHG LPDJHV ZHUH DQDO\VHG XVLQJ:LQ5+,=2
YF5pJHQW,QVWUXPHQWV,QF&DQDGD:LQ5+,=2LV
VRIWZDUHWKDWHQDEOHVDFRPSOHWHO\DXWRPDWHGDQDO\VLVRI
SLFWXUHVRIVFDQQHGURRWV7KHUROHRIWKHV\VWHPRSHUDWRU
LV WR VHW WKHGLDPHWHU FODVVHV LQZKLFK URRWGDWDZLOO EH
RUJDQL]HGDQG WRFRUUHFWDQ\PLVWDNHV LQGHWHFWLQJ URRWV
RUGLUWPDGHE\ WKHVRIWZDUH7KHRXWSXW¿OHV DUH WKHQ
LPSRUWHGLQ06([FHO$QDGGLWLRQDOSUHSURFHVVLQJVWHS
WKDWFKDQJHV WKHVWRSGRWV LQWRFRPDV LVDSSOLHG LQRUGHU
WR DYRLGPLVLQWHUSUHWDWLRQ RI GHFLPDO QXPEHUV E\ ([FHO
ä(/(=1,.
'DWDEDVHFRQVWUXFWLRQDQGPDQLSXODWLRQ
PHWKRGV
0HWRGHL]JUDGQMHLQXSUDYOMDQMDSRGDWNRYQH
ED]H
 'DWDEDVHFUHDWLRQ
8VWYDUMDQMHSRGDWNRYQHED]H
'DWD IURPPLQLUKL]RWURQSLFWXUHVDQG LQJURZWKVRLO
FRUHVZHUHRUJDQL]HGLQWZRGDWDEDVHV7KHPLQLUKL]RWURQV
GDWDEDVHLQFOXGHVGDWDJDWKHUHGLQD\HDUSHULRGREWDLQHG
IURP  PLQLUKL]RWURQ WXEHV 7KH LQJURZWK VRLO FRUHV
GDWDLQFOXGHVYDOXHVIURPVDPSOLQJV$VDUHVXOWRIWKH
DQDO\VLVRI WKHPHWKRGVGHVFULEHGDERYH WKHRXWSXWGDWD
RQWKHHVWLPDWHGURRWSDUDPHWHUVLVVRUWHGLQ06([FHO
¿OHV DQG FDQ UHDFK GLPHQVLRQV RI  FROXPQV SHU 
OLQHVDQGPRUH
'DWD IRU HDFK URRW REVHUYHG LQ D VSHFL¿F WXEH DW
GLIIHUHQWVHVVLRQVLVLPSRUWHGLQ06$FFHVV7KHVWUXFWXUH
RI WKH06$FFHVV GDWDEDVH LV SUHSDUHG DFFRUGLQJ WR WKH
06$FFHVVGRFXPHQWDWLRQ7KHVWUXFWXUHRIHDFKWDEOHLQ
WKHGDWDEDVHLVJHQHUDWHGDFFRUGLQJWRWKHVWUXFWXUHRIWKH
RULJLQDOGDWD¿OHV ¿OHV SURFHVVHG E\ WKH ;/5KL]R7521
SURJUDP
7KH LPSRUW SURFHVV LV VLPSOH DQG IROORZV D XVHU
JXLGHG SURFHGXUH IRU LPSRUW GDWD IURP GLIIHUHQW ¿OH
IRUPDWV LQFOXGLQJ06([FHO7KH GDWD FDQ EH LPSRUWHG
LQ FROXPQV DUUDQJHG  LQ D XVHUFKRVHQZD\'XULQJ WKH
LPSRUWSURFHVVWKHFRQVLVWHQF\RIWKHGDWDLVDXWRPDWLFDOO\
FKHFNHG$WDQ\LQFRQVLVWHQFLHVLPSRUWLVVWRSSHGDQGWKH
XVHULVLQIRUPHGDERXWVXFKDQHYHQW$QH[DPSOHRIWKH
UHVXOWRIDQLPSRUWSURFHVVRIWKHURRWGDWDIURP06([FHO
LVSUHVHQWHGLQ)LJXUH
$IWHUGDWDDUHLPSRUWHGIURP([FHO¿OHV WKHUH LV D
PLQLPDOSRVVLELOLW\OHIWIRUXVHUHUURUVVLQFHWKHFRPSLOHU
LV DVNHG WR FRQ¿UP HDFK SURFHVV HYHQ DQ DFFLGHQWDO
DWWHPSW WR GHOHWH GDWD IURP WKH GDWDEDVH 7KH LPSRUW
SURFHGXUHFDQEHVDYHGDQGUHSHDWHGHYHU\WLPHGDWDDUH
LPSRUWHGPDNLQJWKHLPSRUWSURFHVVHI¿FLHQW LQ SUDFWLFH
)LJXUH5RRWGDWDDUHLPSRUWHGLQ06$FFHVVDQGDWWKHVDPHWLPHFKHFNHGIRUFRQVLVWHQF\
6OLND2EYQRVXSRGDWNRY]DNRUHQLQHY06$FFHVVVHSUHYHULMRãHQDSDNHJOHGHQDL]YLUQHSRGDWNH
äHOH]QLN36WRMDQRYD'.UDLJKHU+2UJDQL]DWLRQRI¿QH URRW GDWD REWDLQHG IURP PLQLUKL]RWURQV  
,QDGGLWLRQHUURUVIRXQGDQGFRUUHFWHGLQTXHULHGGDWDDUH
DXWRPDWLFDOO\ FRUUHFWHG LQ WKH RULJLQDO 0V $FFHVV GDWD
VHW7KXVDFRQVWDQWFRQWURORYHUGDWDTXDOLW\LVDVVXUHG
'DWDPDQLSXODWLRQ
8SUDYOMDQMHVSRGDWNL
$VHOHFWHGVXEVHWRIGDWDVWRUHGLQWKHGDWDEDVHFDQEH
¿OWHUHG RXW DQG H[SRUWHG WR H[WHUQDO VRIWZDUH IRU VHOHFWHG
IXUWKHU VWDWLVWLFDO DQDO\VLV2Q WKHRQHKDQG WKH¿OWHULQJ
SURFHVVLVXVXDOO\GRQHE\XVLQJGDWDEDVHTXHULHVZKHUH
WKH XVHU VSHFL¿HV WKH URRW¶V SDUDPHWHUV DQG WKHLU YDOXHV
WREHVHOHFWHGRUTXHULHVRQGLIIHUHQWFULWHULDVXFKDVSORW
QDPH VXESORW QDPH GDWH RI JDWKHULQJ HWF2Q WKH RWKHU
KDQG WKH H[SRUW SURFHVV LV VLPSOH EHFDXVH 06$FFHVV
VXSSRUWVVHYHUDOH[SRUWIRUPDWVOLNH06:RUG06([FHO
2SHQ2I¿FH FVY IRUPDW HWF
,Q RUGHU WR LOOXVWUDWH WKH RSHUDWLRQV WKDW FDQ EH
SHUIRUPHG RYHU WKH GDWD RUJDQL]HG LQ DQ 06 $FFHVV
GDWDEDVHZHSUHVHQWVHYHUDOWDVNVRIWKHGDWDPDQLSXODWLRQ
SURFHVV H[HFXWHG RYHU RXU GDWDEDVHV $Q H[DPSOH RI D
¿OWHUHG OHIW FHQVRUHG GDWD ZKHUH WKH ¿OWHULQJ SURFHVV
ZDVGRQHE\XVLQJGDWDEDVHTXHU\RQWKHVHVVLRQGDWHVLV
SUHVHQWHGLQ)LJXUH
$Q H[DPSOH RI WKH ORQJHYLW\ RI WKH GHDG URRWV
FDOFXODWLRQLVSUHVHQWHGLQ)LJXUH)LUVWD¿OWHULQJ WDVN
LVGRQHE\XVLQJGDWDEDVHTXHU\RQWKHVHVVLRQGDWHVDQG
WKHQD VRUWLQJ WDVNSHUIRUPHG LQRUGHU WREHWWHURUJDQL]H
WKHUHVXOWV$W WKHHQG WKH ORQJHYLW\RI WKHGHDGURRWV LV
FDOFXODWHGLQH[WHUQDOVWDWLVWLFDOVRIWZDUH
$QH[DPSOHRI¿OWHUHG ULJKW FHQVRUHG GDWD LV SUHVHQWHG
LQ)LJXUH7KH¿OWHULQJ SURFHVV ZDV DOVR GRQH E\ XVLQJ
GDWDEDVH TXHU\ RQ WKH VHVVLRQ GDWHV DV LQ WKH SUHYLRXV
H[DPSOHV
7KH LQJURZWK VRLO FRUHV GDWDEDVH ZDV FRQVWUXFWHG
LQ D VLPLODU ZD\ DV WKH PLQLUKL]RWURQ GDWDEDVH DQG WKH
GDWDZHUH RUJDQL]HG LQ WKH VDPHZD\ DVZHOO7KHPDLQ
GLIIHUHQFHEHWZHHQWKHVHWZRGDWDEDVHVLV WKHWLPHVFDOH
7KHGDWDLQFOXGHGLQWKHLQJURZWKVRLOFRUHVGDWDEDVHDUH
VDPSOHGDIHZWLPHVSHU\HDUZKHUHDVWKHPLQLUKL]RWURQV
DUHYLVLWHGDQGVDPSOHGRQPRQWKO\EDVLV7KHGLIIHUHQFHV
LQWLPHVFDOHSUHYHQWGLUHFWFRQQHFWLRQDQGMRLQLQJRIGDWD
EHWZHHQWKHWZRGDWDEDVHVZKHUHDVDUHVHDUFKSORWFRGHRU
GDWHRIVDPSOLQJFDQEHVHOHFWHGDVUHIHUHQFHLQIRUPDWLRQ
LQWKHOLQNLQJSURFHVVEHWZHHQWKHWZRGDWDEDVHV$SDUWRI
WKHLQJURZWKVRLOFRUHVGDWDEDVHLVSUHVHQWHGLQ)LJXUH
7LPHQHHGHG WRDUUDQJHGDWD LQDZD\VXLWDEOH IRU
DQDO\VLV LV FRQVLGHUDEO\ VKRUWHQHG DV GDWD H[WUDFWLRQ
TXHULHVLVPDGHE\DIHZFOLFNVRQPRXVHDQGNH\ERDUG
$OOTXHULHVFDQEHVDYHGDQGUHSHDWHGZKHQQHHGHG
$WODVWWKHTXHULHVFDQDOVRVHUYHDVHUURUGHWHFWLRQ
PHFKDQLVP LQVLGH WKH GDWDEDVH DQG HQDEOH WDVNV OLNH
GHWHFWLRQDQGUHPRYDORIGXSOLFDWHRUPLVVLQJLQIRUPDWLRQ
DPRQJ WKH GDWD7KLVPD\ EH D YHU\ LPSRUWDQW VWHS DQG
VRPHWLPHVDQHVVHQWLDO WDVNRI WKHGDWDKDQGOLQJSURFHVV
WKDWDVVXUHVGDWDLQWHJUDWLRQVDQGTXDOLW\
)LJXUH/HIWFHQVRUHGGDWDDUH¿OWHUHG IURP WKH GDWDEDVH
6OLND/HYRFHQ]XULUDQLSRGDWNLVRL]ORþHQLL]ED]H
)LJXUH'HDGURRWVDUH¿OWHUHG RXW DQG ORQJHYLW\ IRU HDFK RQH DVFHUWDLQHG IURP VHVVLRQ GDWHV
6OLND0UWYHNRUHQLQHVRL]ORþHQHL]ED]HLQ]DYVDNRSRVHEHMVHXJRWRYLGROJRåLYRVWJOHGHQDGDWXPHVQHPDQM
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
)LJXUH5LJKWFHQVRUHGGDWDLV¿OWHUHG IURP GDWDEDVH
6OLND'HVQRFHQ]XULUDQLSRGDWNLVRL]ORþHQLL]SRGDWNRYQHED]H
)LJXUH,QJURZWKVRLOFRUHVGDWDEDVH
6OLND3RGDWNRYQDED]D]DYUDVWQHPUHåLFH
äHOH]QLN36WRMDQRYD'.UDLJKHU+2UJDQL]DWLRQRI¿QH URRW GDWD REWDLQHG IURP PLQLUKL]RWURQV  
&RQFOXVLRQ
'DWD TXDOLW\ DQG WLPH HI¿FLHQF\ DUH WZR PRVW
LPSRUWDQW IDFWRUV LQDQ\ZRUNFRQFHUQLQJVWXGLHVRI URRW
V\VWHP G\QDPLFV ,I D UHVHDUFK SURMHFW RSHUDWHV RYHU
PLQLUKL]RWURQ WXEHV WKHH[WHQWRIGDWD LV IDURYHU WKH
FDSDELOLWLHVRIDQ06([FHO7KHUHIRUHWKHPLQLUKL]RWURQ
GDWDPDQLSXODWLRQLQ([FHOLVWLPHDQGODERUH[SHQVLYHDQG
RWKHUVWDWLVWLFDOVRIWZDUHSURYLGHVRQO\SDUWLDORSSRUWXQLWLHV
IRU GDWDPDQLSXODWLRQ VRUWLQJ DQG H[WUDFWLRQ0RUHRYHU
KDQGOLQJODUJHDPRXQWVRIGDWDLQYROYHVH[WHQVLYHFRS\LQJ
SURFHGXUHVDQGFRPSLOLQJRIURRWSDUDPHWHUVLQDQGRXWRI
YDULRXV¿OHV ZKLFK SURGXFHV D QXPEHU RI KXPDQ HUURUV
,Q WKLV VWXG\ DQ HI¿FLHQW ZD\ RI KDQGOLQJ ODUJH
DPRXQWVRI¿QH URRW JURZWK GDWD E\ XVLQJ DQ 06 $FFHVV
GDWDEDVHLVSUHVHQWHGXVLQJUHVXOWVIURPDVDPSOHUHVHDUFK
SORW 7KH UHVXOWV FDQ EH VXPPDUL]HG LQ WKH IROORZLQJ
FRQFOXVLRQV
  7LPH QHHGHG WR DUUDQJH DQG UHDUUDQJH ODUJH DPRXQWV
RI PLQLUKL]RWURQ GDWD LQ D ZD\ VXLWDEOH IRU DQDO\VLV LV
FRQVLGHUDEO\VKRUWHQHGE\XVLQJ06$FFHVV
  7KH SRVVLELOLW\ RI XVHU HUURUV LV PLQLPDO DQG ¿QGLQJ
HUURUVLISUHVHQWLVPRUHOLNHO\
  'DWD H[WUDFWLRQ TXHULHV LVPDGH E\ D IHZ FOLFNV RQ
PRXVHDQGNH\ERDUGRQO\
2QFHTXHULHVDUHVDYHGSURFHVVFDQEHDXWRPDWHGDQG
UHSHDWHGZKHQQHHGHG
(UURUVIRXQGLQTXHULHGGDWDDUHDXWRPDWLFDOO\FRUUHFWHG
LQWKHRULJLQDOGDWDVHWLQ0V$FFHVVDVZHOO
$FRQVWDQWFRQWURORYHUGDWDTXDOLW\LVDVVXUHG
 0LQLUKL]RWURQGDWDFDQEHHDVLO\FRQQHFWHGZLWKRWKHU
GDWDEDVHV OLNH LQJURZWK VRLO FRUHV GDWD IURP WKH VDPH
UHVHDUFKSORWVRUGDWDIURPDGLIIHUHQWDQDO\VLVLQRUGHUWR
REWDLQDEHWWHUXQGHUVWDQGLQJRIURRWELRORJ\DVSUHVHQWHG
E\ FRPELQDWLRQ ZLWK WKH GDWDEDVH RQ URRW JURZWK LQ
LQJURZWKVRLOFRUHV
7KH REWDLQHG UHVXOWV NQRZOHGJH DQG H[SHULHQFH
ZLOOEHRIJUHDWDGYDQWDJHLQIXUWKHUZRUNFRQFHUQLQJURRW
SDUDPHWHUV DQDO\VLV DQG KDQGOLQJ ODUJH DPRXQWV RI GDWD
=DNOMXþHN
.DNRYRVWSRGDWNRYLQþDVRYQDXþLQNRYLWRVWVWDGYD
QDMSRPHPEQHMãDGHMDYQLNDSULREGHODYLSRGDWNRYGLQDPLNH
UDVWLGUREQLKNRUHQLQ7UHQXWQRRSUDYOMDPR SRVNXVY
PLQLUL]RWURQVNLKFHYHKQDUD]LVNRYDOQLKSORVNYDKLQREVHJ
SRGDWNRYSUHVHJD]PRåQRVWLSURJUDPD06([FHO2EGHODYD
SRGDWNRYL]PLQLUL]RWURQRYMH]DPXGQDLQGUDJD2EGHODYD
SRGDWNRYYHOLNHJDREVHJDYNOMXþXMHSRJRVWRNRSLUDQMH LQ
XUHMDQMHNRUHQLQVNLKSDUDPHWURYYLQL]UD]OLþQLKGDWRWHNV
WHPSDODKNRQDVWDMDMRQDSDNH
9 SULND]DQL ãWXGLML SUHGVWDYOMDPR XþLQNRYLW
QDþLQ XSUDYOMDQMD ] YHOLNLPL NROLþLQDPL SRGDWNRY L]
PLQLUL]RWURQRYLQYUDVWQLKPUHåLF]XSRUDERSRGDWNRYQLK
]ELUN06$FFHVV 3RURþDPR WXGL R GREOMHQLK UH]XOWDWLK
]QDQMX LQ L]NXãQMDK SUL L]EROMãDQMX NDNRYRVWL SRGDWNRY
1DãL UH]XOWDWL VR ODKNR SRY]HWL Y QDVOHGQMLK ]DNOMXþNLK
 ýDV SRWUHEHQ ]D XUHMDQMH YHOLNLK NROLþLQ SRGDWNRY L]
PLQLUL]RWURQRYYREOLNRXSRUDEQR]DDQDOL]R  MH]QDWQR
VNUDMãDQ]XSRUDER06$FFHVVD
0RåQRVWLSRMDYOMDQMDQDSDN]DUDGLXSRUDEQLNDVRPRþQR
]PDQMãDQHLQQMLKRYRRGNULYDQMHMHEROMYHUMHWQR
3ULGRELYDQMHåHOHQLKSRGDWNRYVSRL]YHGEDPLMHPRJRþH
]QHNDMNOLNLQDPLãNRLQWLSNRYQLFR
.RSRL]YHGEHVKUDQLPRMLKODKNRSROMXEQRDYWRPDWL]LUDQR
SRQDYOMDPR
=DJRWRYOMHQMHVWDOHQQDG]RUQDGNYDOLWHWRSRGDWNRY
 %D]D V SRGDWNL L] PLQLUL]RWURQRY VH ODKNR HQRVWDYQR
SRYHåH]GUXJLPLSRGDWNRYQLPLED]DPLL]LVWHUD]LVNRYDOQH
SORVNYH DOL V SRGDWNL L] GUXJLK UD]LVNRYDOQLK SORVNYH ]
QDPHQRPSULGRELYDQMDEROMãHJDYSRJOHGDLQUD]XPHYDQMD
ELRORJLMHNRUHQLQ
3ULGREOMHQL SRGDWNL ]QDQMH LQ L]NXãQMH ERGR Y
YHOLNR NRULVW SUL QDãLK QDGDOMQMLK UD]LVNDYDK NRUHQLQVNLK
SDUDPHWURYLQREGHODYLYHOLNLKNROLþLQSRGDWNRY
$FNQRZOHGJHPHQWV
=DKYDOH
7KH VWXG\ZDV IXQGHG WKURXJK WKH UHVHDUFKSURJUDPPH
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